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Synthesis General Information
2-Iodopropane was purchased from Acros Organics. CD 2 Cl 2 , CD 3 OD, and D 2 O were purchased from Cambridge Isotope. Tetrahydrofuran (THF) was purchased from Fisher Scientific. 1,3-Bis(2,6-diisopropylphenyl)-1,3-dihydro-2H-imidazol-2-ylidene, 1H-benzimidazole and K 2 CO 3 were purchased from Sigma-Aldrich. 1,3-Dimethylimidazolium chloride was purchased from TCI Chemicals. 1,3-Diisopropylbenzimidazolium iodide was synthesized following literature procedures. 1 All reactions were carried out under inert atmosphere in a N 2 -filled glovebox, unless otherwise noted.
1,3-dimethylimidazolium-2-carboxylate (NHC Me -CO 2 )
In a N 2 filled glovebox, 1,3-dimethylimidazolium chloride (198 mg, 1.5 mmol) and potassium tertbutoxide (255 mg, 2.2 mmol) were suspended in 20 mL THF in a 20 mL scintillation vial. The suspension was stirred for 1 hour at room temperature and then filtered through a 0.2 µm PTFE syringe filter into a Schlenk flask equipped with a stir bar. The Schlenk flask containing the reaction mixture was sealed with a rubber septum. The flask was removed from the glove box and connected to a Schlenk line. CO 2 was bubbled through the solution for 30 min. The precipitated solid was collected via filtration through a medium porosity frit, washed with THF (3 x 20 mL), Spectroscopic characterization data matched with previous reported data. 4 
Sample Preparation
The NHC monolayers were prepared and characterized in situ at the ALOISA beamline of the in an experimental chamber with base pressure < 2 ´ 10 -10 mbar.
Details of XPS and NEXAFS Measurements
X-ray photoemission spectroscopy (XPS) measurements were performed at the ALOISA beamline with the x-ray beam at grazing incidence (4°) to the sample surface. Photoelectrons from the sample were collected at an emission angle normal to the surface using a hemispherical electron analyzer with an acceptance angle of 2°, and an overall energy resolution of ~0.2 eV. The energy scale for XPS spectra was calibrated by aligning the Au 4f 7/2 peak to a binding energy of 84.00
eV.
Near edge X-ray absorption fine-structure (NEXAFS) measurements were performed on the N and C K-edge by sweeping the incident photon energy from 394 to 413 eV and from 278 to 310 eV, respectively. The photon incidence angle was set to 6°. Spectra were acquired using a
Channeltron detector with a wide acceptance angle in the partial electron yield mode. The photon S4 flux was monitored on the last optical element along the beam path. The sample normal was oriented either parallel (p-pol) or perpendicular (s-pol) to the light polarization.
The relative intensity of the nitrogen NEXAFS signal in p-pol and s-pol for the N 1s to LUMO transition was used for estimating the orientation of the carbene ring relative to the surface plane, whereas the orientation of the aryl groups for NHC dipp was determined with the polarizationdependent signal of the C1s NEXAFS. The molecular tilt angle θ is estimated relative to the surface plane using the formula: tan θ = 2 ( / * , where ( and * are the intensities of the π*-LUMO NEXAFS peak from the s-pol and p-pol spectra, respectively. 
Details of DFT Calculations
The PWSCF software in the Quantum Espresso package was used to simulate the adsorption of the NHCs on an Au(111) slab. 6 The "optB88-vdW" exchange and correlation functional was used for all calculations as it has been demonstrated to provide a good description of dispersion interactions. All structures were relaxed until interatomic forces in the self-consistent calculation were smaller than 0.026 eV/Å and energy variations smaller than 10 -5 Ry. Adsorption relaxations were performed using an Au(111) 4-layer slab. The two bottom layers were held fixed while the top two ones were relaxed. Convergence of the calculations relative to the cell size was also tested. The adsorption energies were calculated as follows by subtracting the sum of the energies of the separately relaxed molecule and slab systems from the total energy. All illustrations of ball-and-stick adsorption models were produced using VESTA 3 software. No satellite peak is observed. 
